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Abstract
Let G = (V(G), E(G)) be a simple, ﬁnite, and connected graph. Let k be a positive integer. Deﬁne an edge k-coloring, c : E(G) →
{1, 2, ..., k} where adjacent edges may be colored the same. Let x and y in V(G). An x − y path in G is called a rainbow path, if
there are no two edges with the same color in this path. An edge k-coloring c is called rainbow k-coloring, if for any two distinct
vertices x and y in V(G), there is an x− y rainbow path. The rainbow connection number, denoted by rc(G), is the smallest positive
integer k such that G has a rainbow k-coloring. In this paper, we determine the rainbow connection number of an n-crossed prism
graph and its corona product with a trivial graph.
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1. Introduction
All graphs in this paper are simple, ﬁnite, and connected. The concept of rainbow connection was introduced by
Chartrand et al in 2008[1]. Let G = (V(G), E(G)) be a graph. Let k be a positive integer, deﬁne an edge k-coloring,
c : E(G)→ {1, 2, ..., k} where adjacent edges may be colored the same. Let x and y in V(G), an x−y path inG is called
a rainbow path, if there are no two edges with the same color in this path. An edge k-coloring c is called rainbow
k-coloring, if for any two distinct vertices x and y in V(G), there is an x − y rainbow path. A graph G which has been
colored by rainbow k-coloring is called rainbow connected. The rainbow connection number, denoted by rc(G), is
the smallest positive integer k such that G has a rainbow k-coloring.
Chartrand et al. [1] stated that for a nontrivial connected graph G with size m and diameter diam(G), we have
diam(G) ≤ rc(G) ≤ m. (1)
Schimeyer [3] has shown an improvement for the lower bound of the rainbow connection number. For a given graph G
of order m, let ni(G) denote the number of vertices of G which have degree i for i ∈ {1, ...,m − 1}.
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Theorem 1. [3] Let G be a connected graph on n ≥3 vertices, then
rc(G) ≥ max{diam(G), n1(G)}. (2)
In this paper, we determine the rainbow connection number of an n-crossed prism graph and its corona product
with a trivial graph.
2. Main Results
Let n be a positive even integer at least 4. An n-crossed prism graph is a graph obtained by taking two disjoint
cycle graphs on n vertices, namely C1n and C
2
n, where V(C
1
n) = {x1, x2, ..., xn} and V(C2n) = {w1,w2, ...,wn}, such that
E(C1n) = {xixi+1, x1xn|i ∈ {1, 2, ..., n−1}} and E(C2n) = {wiwi+1,w1wn|i ∈ {1, 2, ..., n−1}} and adding some edges wsxs+1
for s ∈ {1, 3, ..., n − 1} and wtxt−1 for t ∈ {2, 4, ..., n} [4].
Let G and H be two graphs with |V(G)| = m. The corona product of G with H, denoted by GH, is a graph
obtained by taking one copy of G and m copies of H, called H1, ...Hm, and then joining the i’th vertex of G to every
vertex in Hi [2].
Theorem 2. Let n be an even positive integer at least 4 and G be an n-crossed prism graph, then
rc(G) =
⎧
⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩
3, n = 4
4, n = 6
n
2 , others.
(3)
Proof. We divided the proof into three cases (n = 4k, k ≥ 2, k ∈ N; n  4k, n  6, k ≥ 2, k ∈ N; and n = 4 ∨ n = 6).
Let ki mod i = i for i ∈ N. Then, let w0 = wn, wn+1 = w1, x0 = xn, and xn+1 = x1.
Case 1 (n = 4k, k ≥ 2, k ∈ N)
First, in order to obtain the upper bound of rainbow connection number of G, deﬁne an edge-coloring, c : E(G) →
{1, 2, ..., n2 }, of G with coloring rules as follows :
• c(wiwi+1) = i mod ( n2 ), for i ∈ {1, 2, ..., n}• c(xixi+1) = i mod ( n2 ), for i ∈ {1, 2, ..., n}• c(wixi+1) = 1, for i ∈ {1, 3, ..., n − 1}
• c(wixi−1) = 3, for i ∈ {2, 4, ..., n}
It is easy to check that for every two distinct vertices a, b ∈ V(G) there exists an a − b rainbow path with coloring c.
So, rc(G) ≤ n2 .
Now, we are going to proof a lower bound of rainbow connection number of G, rc(G) ≥ n2 . By using Theorem 1, we
have
rc(G) ≥{diam(G), n1(G)} = max{ n2 , 0} = n2 .
So, rc(G) = n2 = diam(G) for n = 4k, k ≥ 2, k ∈ N.
Case 2 (n  4k, n  6, k ≥ 2, k ∈ N)
First, in order to obtain the upper bound of rainbow connection number of G, deﬁne an edge-coloring, c : E(G) →
{1, 2, ..., n2 }, of G with coloring rules as follows :
• c(wiwi+1) = i mod ( n2 ), for i ∈ {1, 2, ..., n}• c(xixi+1) = i mod ( n2 ), for i ∈ {1, 2, ..., n}• c(wixi+1) = 1, for i ∈ {1, 3, ..., n − 1}
• c(wixi−1) = 3, for i ∈ {2, 4, ..., n}
• c(wn
2
x n
2+1) =
n
2• c(wn
2+1x n2 ) =
n
2 − 2• c(wixi+1) = 2, for i ∈ { n2 + 2, n2 + 4, ..., n − 1}
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• c(wixi−1) = 4, for i ∈ { n2 + 3, n2 + 5, ..., n}
It is easy to check that for every two distinct vertices a, b ∈ V(G) there exists an a − b rainbow path with coloring c.
So, rc(G) ≤ n2 .
Now, we are going to proof a lower bound of rainbow connection number of G, rc(G) ≥ n2 . By using Theorem 1, we
have
rc(G) ≥{diam(G), n1(G)} = max{ n2 , 0} = n2 .
So, rc(G) = n2 for n  4k, n  6, k ≥ 2, k ∈ N.
Case 3 (n = 4 ∨ n = 6)
First, in order to obtain the upper bound of rainbow connection number of G, deﬁne an edge-coloring, c : E(G) →
{1, 2, ..., n2 + 1}, of G with coloring rules as follows :
• c(wiwi+1) = i mod ( n2 ), for i ∈ {1, 2, ..., n}• c(xixi+1) = i mod ( n2 ), for i ∈ {1, 2, ..., n}• c(wixi+1) = n2 + 1, for i ∈ {1, 3, ..., n − 1}• c(wixi−1) = n2 + 1, for i ∈ {2, 4, ..., n}
It is easy to see that for every two distinct vertices a, b ∈ V(G) there is exist an a− b rainbow path with coloring c. So,
rc(G) ≤ n2 + 1.
In order to obtain the lower bound of rainbow connection number of G, we separate the proof for n = 4 and n = 6.
For n = 4, by using Theorem 1, we have
rc(G) ≥{diam(G), n1(G)} = max{3, 0} = 3.
So, rc(G) = 3 for n = 4.
Meanwhile, we are using contradiction for n = 6. Assume, to the contrary, that there exists a rainbow 3-coloring
of G. We divide the proof of possible coloring c into 2 cases with quite excessively subcases (the detail description
is divided into 9 ﬁgures of proof’s ﬂow chart that is shown in Appendix A). Since for every cases there is a pair
of distinct vertices that doesn’t have a rainbow path, there no exists a rainbow 3-coloring of G. Contradiction. So,
rc(G) = diam(G) + 1 = 4 for n = 6.
Theorem 3. Let n be an even positive integer at least 4 and G be a n-crossed prism, then
rc(GK1) = 2n. (4)
Proof. Let vi and xi be copies of K1 ( vi adjacent to wi and xi adjacent to yi inGK1), for i ∈ {1, 2, ..., n}. Let w0 = wn,
wn+1 = w1, x0 = xn, and xn+1 = x1. In order to obtain the upper bound of rainbow connection number ofGK1, deﬁne
an edge-coloring c : E(GK1)→ {1, 2, ..., 2n}, of GK1 with coloring rules as follows:
• c(viwi) = i, for i ∈ {1, 2, ..., n}
• c(yixi) = n + i, for i ∈ {1, 2, ..., n}
• c(wiwj) = 2n − i + 1, for i ∈ {1, 2, ..., n}, j ∈ {i + 1}
• c(x1x2) = n
• c(xix j) = i − 1, for i ∈ {2, 3, ..., n}, j ∈ {i + 1}
• c(wix j) = j, for i ∈ {1, 3, ..., n − 1}, j ∈ {i + 1}
• c(wix j) = j, for i =∈ {2, 4, ..., n}, j ∈ {i − 1}
It is easy to see that for every two distinct vertices a, b ∈ V(GK1) there exists an a − b rainbow path with coloring c.
So, rc(GK1) ≤ 2n.
Now, we are going to proof a lower bound of rainbow connection number of GK1, rc(GK1) ≥ 2n. By using
Theorem 1, we have
rc(GK1) ≥{diam(GK1), n1(GK1)} = max{ n2 + 2, 2n} = 2n.
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Because of rc(GK1) ≤ 2n and rc(GK1) ≥ 2n, we conclude rc(GK1) = 2n.
Appendix A. Flow Chart of Proof of Case 3 (Theorem 2)
Fig. A.1. Flow chart’s beginning of proof of lower bound of rainbow connection number of G for n = 6.
Fig. A.2. Continuation of a case in ﬁgure Fig. A.1
147 D. Resty and A.N.M. Salman /  Procedia Computer Science  74 ( 2015 )  143 – 150 
Fig. A.3. Continuation of a case in ﬁgure Fig. A.2
Fig. A.4. Continuation of some cases in ﬁgure Fig. A.3
148   D. Resty and A.N.M. Salman /  Procedia Computer Science  74 ( 2015 )  143 – 150 
Fig. A.5. Continuation of a case in ﬁgure Fig. A.3
Fig. A.6. Continuation of a case in ﬁgure Fig. A.5
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Fig. A.7. Continuation of a case in ﬁgure Fig. A.1
Fig. A.8. Continuation of a case in ﬁgure Fig. A.1
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Fig. A.9. Continuation of a case in ﬁgure Fig. A.1
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